Abstract: Although several examples of using parametric generation from an ultrasonic carrier as an audio loudspeaker have been discussed in the literature, practical constraints have received little attention. We discuss an e ect of transducer bandwidth that must beo v ercome in order for the audio spotlight" to become a practical, high-delity source for reproduction of music.
INTRODUCTION
In a parametric array, highly-directional low-frequency sound is generated by the self-demodulation of an intense, amplitude-modulated high-frequency sound beam as a result of nonlinear propagation e ects. The term audio spotlight" was introduced by Yoneyama et al. 1 for a parametric array in air used to generate directional audio-frequency sound with an ultrasonic primary beam.
Berktay's far-eld solution 2 predicts a demodulated secondary waveform along the axis of the b e a m that is proportional to the second time derivative of the square of the modulation envelope. The secondary wave is therefore generated with high levels of harmonic distortion, even for moderate modulation indices 3. Integrating the modulation signal twice and taking the square root removes this distortion; however, the resulting reduction in distortion is limited by the bandwidth of the ultrasonic transducer 4. In the present work, we consider the e ect of nite transducer bandwidth on this predistortion scheme.
SIMULATIONS
The simulations in this paper are based on Berktay's solution, and are therefore subject to its underlying assumptions: The array length`, which determines the half-power beam width of the parametric array 4= p k s`r adians, where k s is the audio-frequency wavenumber , is assumed to b eless than the Rayleigh distance for the transducer radiating at the carrier frequency f c see Fig. 1 , where the e ective array length is de ned as the reciprocal of the absorption coe cient for air 5 at f c ; the modulation signal varies slowly in comparison with the carrier wave; and shock formation does not occur. A more accurate analysis requires numerical solutions that account for the combined e ects of nonlinearity, di raction, and absorption in the sound beam, but the main e ect of transducer bandwidth is adequately revealed by the present use of the Berktay solution.
The various steps in the simulation are depicted in Fig. 2 , where xt is the audio input signal that is approximated by yt, the self-demodulated signal. The two integrals in the rst block, giving 
